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@ Drug^ntalnlng liposomes. 

0 Unilamellar liposomes having a diameter of from 
30 to 150 nm are described* comprising a Dposomal 
membrane including distearoylphosphatidyicholirie 
(DSPC) and cholesterol, in a DSPCicholesterol molar 
ratio of atM>ut 2:1, the liposomes encapsulating an 
antineoplastic selected from vincristine and vin- 
blastine and an anion of low liposomal membrane 
permeability including a cartx)xylate moiety, for ex- 
ample a monocartx>xylata. dicarboxylate, tricartx>x* 
ylate or potycarboxytate anion, more particularly 
gluceptate. fumarate, gluconate, lactoblonate, mal- 
eata. succinate, glutarate, tartrate. cHrate or car- 
bopol. 
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Field of the Invention 

This invention relates to the field of biochem- 
istry and medicine, and more particularly to a 
method of preparing pharmaceutical preparations 
which include liposome^trapped lipophFlic drug 
formulations, and to mettwxJs of using such for- 
mulations as therapeutic agents to control the d&* 
livery of encapsulated drugs within the bodies of 
mammals, including humans. 

Background of the Invention 

Liposomes are known to bo physiologically 
compatible and biodegradable delivery systems for 
a broad range of drugs. For example. U.S. Patent 
5.019,368 teaches the ability to target diagnostic 
and chemotherapeutic agents to tumors in the 
body of a patient by ftre intravenous administration 
of the agent encapsulated in unilametlar liposomes 
having a diameter of less than 200 nm. 

Liposomes are microscopic delivery vesicles 
that are comprised of amphiphilic molecules such 
as phospholipids, which are polar molecules having 
a hydrophilic (ionizable) headgroup and a hydro- 
phobic tail consisting of fatty acid chains. 
Phospholipids form closed, fluid filled spheres 
when properly mixed with water. The hydrophobic 
tails spontaneously associate and exclude the wa- 
ter, while ttie hydrophilic phosphate ester headg- 
roups are preferentially positioned toward the wa- 
ter. 

The result is a spherical bilayer membrane in 
which the fatty add tails point towards the interior 
of the memt>rane, and the polar heads are ar- 
ranged on the memt>rane surface, pointing toward 
an aqueous medium. For single bilayer mem- 
branes, the polar heads at the inner surface of the 
membrane point toward the liposome's aqueous 
interior and those at the otfier (outer) surface point 
toward the exterior aqueous medium (/.e.. the ex- 
ternal continuous phase of the liposome disper- 
sion). Liposomes may be either multilamellar, Dke 
an onion, with water separating the many lipid 
bilayers. or unilamellar, with a single bilayer sur- 
rounding an aqueous cerrter. 

It is the ability of phospholipids to form liquid 
filled spheres that provided the first method for 
loading liposomes with medically active agents. As 
the liposomes form, water soluble molecules dis- 
sohred in the solution in which the phospholipids 
are dispersed will be Incorporated, into the aqueous 
interior and thi^s be passively encapsulated within 
the liposomes. 

One drawt>ack associated with ttiese methods 
is the low level of drug encapsulation (trapping 
efficiency) achievable by such methods. PCT pat- 
ent publications W08iB/D1102 and WO88/D1103 



disclose active loading methods which permit trap- 
ping efficiencies approaching 100% encapsulation 
^ while, at the same time, increasing the rate at 
which tiie drug is loaded Into the liposome carrier. 
5 These methods Involve generating transmembrane 
potentials to create a gradient for one or more 
charged species (e.g., Na*/K+. Ca** and H* are 
disclosed) across the wails of the liposome. The 
concentration gradient, as the name implies, results 

70 from producing liposomes having different concen- 
trations of charged species wtthln (the internal 
phase) and without (the external phase) the vesi- 
cles, A disadvantage of this technique is that it 
requires the inclusion of an ionophore or other such 

75 transporter molecule within the vesicle membrane 
in order to move the charged ions across the lipid 
bilayer, thus allowing for exctiange of the ions for 
the drug to be encapsulated (loaded). The inclusion 
of certain ion transporting agents within the lipid 

20 membrane can alter the in vivo biodistribution of 
the vesicle carrier, potentially increasing undesira- 
ble uptake by the spleen, liver and/or other organs 
of the reticuloendothelial system or otherwise Inter- 
fering with uptake into desired tissue sites. An 

25 additional and potentially undesirable effect of this 
approach is that in order to obtain efficient drug 
encapsulation, a high ionic gradient must be ae- 
ated across the lipid bilayer which may stress and 
destabilize the liposome membrane. 

30 An altemate approach to the use of ionic gra- 
dients has been the application of pH (H^) gra- 
dients to load drugs or other agents of interest into 
prefomned liposomes. This technique has been de- 
scribed in the literature, for example. U.S. Pat. No. 

35 4.946.663; and European Patent Office publication 
No. 0290296. A particular disadvantage of using pH 
gradients for loading drugs into liposomes, espe- 
cially in large scale-manufacturing, is that signifi- 
cant lipid hydrolysis can occur as a result of expos- 
es ing the lipids to extreme pH changes during the 
loading process. Unstable lipid domains may also 
form within membrane bilayers resulting from 
changes In the electrical charge and/or hydration 
states of the lipid head groups due to protonation- 

45 deprotonation of titratable moieties in the lipids. In 
order to most efficiently load aruf take advantage of 
the maximum ionization potential of a counterion, 
pH changes on tfie order of 1.5-2 units or more are 
typically required. This could preclude use of some 

50 addle dmgs with pK^s less ttian about 5.0 or basic 
drugs wHh pKt,s greater than atx>ut ao as coun- 
terions for drug loading. For example, if one vrished 
to encapsulate a cationic (-•-) compound such as 
an amine into vesicles containing an anionic (-) 

66 counter ion, phosphate or citrate could not be used 
effidentty. 0.1 M solutions of phosphoric (HaPO*; 
pKai = 2.15. pKoa = 7.10. pKos = 12.32) or citric 
(CcHbO/; pKai f 3.13, pKo2 =4.76. pKo3 = 6.40) 
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adds would have pHs of about 1.5 and 22, respec* 
tivaly. Preparation of lipid vesicles in solutions at 
these pHs would result in excessive and unaccep- 
table lipid hydrolysis. As a second example, if It 
were desirable to encapsulate an anionic (-) com- s 
pound such as an amine into vesicles coritaining a 
cationic counter ion. strong bases such as 
sodium or calcium hydroxides likewise would not 
k>e desirable due to excessive lipid hydrolysis re- 
sulting from high pHs. In addition, calcium hydrox- io 
Ide Is also of limited aqueous solubility. 

One proposed approach for avoiding pH ex- 
tremes imposed by pH loading methods has been 
noted in European Patent Office publication 
0361894. In this metfKxJ, pH gradients are gen- is 
erated t>y differences in transn>embrane ammo- 
nium (NH«) ion concentrations. An advantage of 
tfns technique is that the loading process can be 
conducted at or near neutral pHs without the ne- 
cessity of exposing the preparation to severe pH 20 
ranges. Neutral ammonia exits tfie internal aqueous 
space through the membrane bilayer to create a 
pH gradient This is followed by the influx of a 
deprotonated amphtphilic drug to replace the de- 
parted ammonium. One disadvantage of this meth- 2S 
od is tt)at during large scale-manufacturing It can 
be difficult to control ammonium concentrations at 
each step of the n^anufacturing process. This is in 
part due to the volatility of ammonia which can 
readily evaporate during high temperature process- 30 
ing thus allowing ammonium salts to revert back to 
their conresponding acid forms. 

Accordingly, it has t>een a desideratum to pro- 
vide an active loading method for the encapsulation 
of agents within liposomes which avoids the use of ss 
adverse pH ranges and gradients and will be read- 
ily adaptable to large scale-manufacturing tech- 
niques. 

Summary of the Invention 4o 

The invention is an km-exchange loading tech- 
nique for incorporating a cationic or anionic 
lipophilic drug, which can partition into or through a 
lipid bilayer, into lipid vesicles. e.gi, unilamellar or 45 
multilamellar liposomeSw This technique promotes 
the passage of the drug through the lipid mem- 
brane into the internal aqueous space wHhin the 
liposome, thereby increasing entrapment efficiency 
and thus the amount of the drug which can be so 
administered and delivered within the body, 0.g., 
the amount of an antineoplastic agent delivered 
specifically to tumor tissues. In particular, the 
method provides an enhanced ability to produce 
these dnig delivery formulations on a large scale. 65 

According to the practice of the Invention, 
membrane permeat>le drugs or other compounds 
of interest are preferably loaded into preformed 



liposomes in sufficiently high quantities to t>e use- 
ful for therapeutic applications. In another aspect of 
the invention, the ion^xchange loading process is 
performed in the ak>sence of a pH gradient, which 
provides significant advantages in the large scale 
production of lipid vesicles. Preferably, the loading 
occurs in the absence of an lonophore within the 
liposome membrane. 

The process comprises the formation of lipo- 
somes in an aqueous medium containing a com- 
Nnation of either the salt of an anion with high 
membrane penmeability and a cation with low 
membrane permeability, if the compound to be 
entrapped is an anionic drug or has an anionic 
potential; or the salt of a cation with high menrh 
brane permeability and an anion with low men>- 
brane permeability, if the compound to be en- 
trapped is a cationic drug or has a cationic poten- 
tial. 

As used herein, unless limited by qualifying 
language, the terms cation and anion include those 
ions having cationic or anionic charges in water at 
neutral pH, and also includes neutral moieties 
which t)ecome cationic or anionic under the loading 
reaction conditions. For example, the drug dox- 
orubicin is an essentially neutral molecule which 
becomes cationic at acid to neutral pHs. 

In one aspect of the invention, a niethod is 
provided for loading a cationic substance into lipo- 
somes. The method comprises forming liposomes 
in an aqueous medium including a metal-free ex- 
change cation of high nposomal membrane per- 
meability containing carbon and nitrogen, and an 
anion of low liposomal membrane permeability, to 
produce liposomes which include a portion of tiie 
medium containing ttie cation and anion in ttie 
interior aqueous space and which are dispersed in 
the aqueous nrwdium which is external to the lipo- 
somes. Preferably, the exchange cation is an 
amine, and most preferably a primary, secondary 
or tertiary amine. The concentration of the cation 
and anion in the external aqueous medium Is then 
lowered, such as by ultrafiltration or other buffer 
exchange means, and the cationic sutistance to k>e 
loaded is added to the external phase of ttie dis- 
persion. 

In another aspect of the invention, a method is 
provided for loading an anionic sut)stanoe into lipo- 
somes. The method comprises forming liposomes, 
In an aqueous medium having a gh^en pH and 
containing an exchange anion of high liposomal 
membrane permeability and a cation of low 
liposomal membrane permeability, to produce lipo- 
somes which include a portion of ttie medium 
containing the anion and cation in the interior aque- 
ous space and which are dispersed In the aqueous 
medium which is external to the liposomes. The 
concentration of the anion and cation in the exter- 
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nal aqueous medium is lowered while maintaining 
the pH of the medium equal to that of the interior 
aqueous space, and the anionic substance to be 
loaded is added to the external phase of the dis- 
persion. 

An additional suk)Stance. sudi as a chelator or 
chelatable material that is capable of binding to the 
exchange ion with high membrane permeability 
noted atx)ve while rrot birKling to ttxe compound of 
interest, can also be included in or added to the 
external aqueous phase in order to . trap the per- 
meable ion thus assisting in driving equilibrium 
towards complete (100%) entrapment 

Detailed Description of the Invention 

Any cationic. lipophilic or amphiphilic dmg 
which can partition into a lipid bilayer is suitable for 
use In practicing this invention* e.g.. dibucalne, 
pilocarpine, quinine, prodiplne. timolol, pen- 
tamidine, benadryl. dopamine, epinephrine, co- 
deine, morphine, atropine, imipramine, quinidine. 
chloropromazine. and others. 

Cationic compounds having arvtineoplastic ac- 
tivity against cancerous tissues or cells, including 
daunorubidn. doxorutMdn. aclacinomydn A. vir>- 
blastine, vincristine, mitomydn C, mitoxantrone, 
and the like, are particularly prefenred for incor- 
poration within l^)osome micellar partictes using 
the procedure of this invention. 

Anionic drugs which can pass through into a 
lipid membrane, e.g., penidllins, ampidllin. 
chlorambudl. warfarin, cephalothin, phenobarbital. 
and sucdnate hemiesters are suitable for use In 
the method of the invention. 

Biological lipids from which Gposome bilayer 
membrane particles or vesicles useful in practicing 
this invention can be prepared are amphiphilic 
(containing both a lipophilic and hydrophilic por- 
tion) molecules which can spontaneously aggregate 
to form small spheres, ellipsoids or long cylinders, 
or bilayers having two or more parallel layers of. 
amphiphilic molecules. In an aqueous (polar) me- 
dium, the polar heads of ttie amphiphilic nrK)lecules 
making up one layer orient outwardly to extend into 
the surrounding medium while the non-polar tail 
portions of these molecules likewise associate with 
each other. This provides a polar surface and a 
nofhpolar core in the wall of the vesicle. Such 
bllayered micelles usually take the sftape of ur>- 
ilamellar (having one t>ilayer) or multilamellar (hav- 
ing a plurality of sutstantially concentric btlayers) 
spherical vesides having an internal aqueous conrv- 
partment. 

Liposome bilayer membrane particles which 
have been found to be suitable in practidng this 
invention are small unilamellar vesicles fiaving a 
diameter of from 30 to 150 narK>meters (nm), and 



preferably from about 45 to about 60 nm. which are 
neutral (uncharged or having balanced charges; 
Le., zwitterions) to induce specificity and tissue/cell 
targeting, thereby maximizing therapeutic uptake of 
5 the liposonr>e drug delivery system. 

Sudh liposome bilayer membrane particles in- 
clude ones made from dipalmitoyi phosphatidyl- 
choline, distearoyi phosphatidylcholine, dioleoyi 
phosphatidylethanolamine. distearoyi phosphatidyl- 

10 serine, dilinoleoyi phosphatidylinositol, distearoyi 
phosphatidylglycerol, and the like, or mixtures 
thereof. Liposome bilayer membrane particles 
made entirely from neutral phospholipids, such as 
distearoyi phosphatidylcholine, and preferably ones 

15 which have been further stabilized with cholesterol 
or Pke-acting substances, for example in a molar 
ratio of distearoyl:phosphatidylcholine:cholesterol of 
about 2:1, respectively, have been found to be 
particularty suitable with regard to targeting effi- 

20 dency when used to deDver anthracycline anti- 
neoplastic agents. 

These liposomes are prepared by generally 
known techniques, such as the sonication method 
described in Mauk et al. AnaL Bloc. 94. 302-307 

25 (1879) or preferably by mtoroemulsification using 
the procedure described in U.S. Patent No. 
4,753,788, the disclosures of which are incorpo- 
rated by reference herein. Homogenization using a 
sonicator device will generally be carried out for 

30 from about 30 seconds to one minute per milliliter 
of suspension. Following homogenization. the sus- 
pension is centrifuged at from about 1.000 xg to 
about 20,000 xg. and preferably at about 5,000 xg. 
for from about 5 to 20 minutes, preferably about 10 

35 minutes, at ambient temperature (usually atxiut 
22 *C.), and then passed through a small pore 
diameter sterile filter, e.g., a 0.2-0.45 micron pore 
filter. These two steps (centrifugation and filtration) 
remove large particulate matter such as unsuspen- 

40 ded lipids, large vesicles and other possibly con- 
taminating partides. 

As set forth atxive. the invention comprises a 
method for loading an anionic or cationic substance 
into liposomes. Rrst, liposomes are formed in an 

45 aqueous medium containing eittier an anion with 
high membrane permeability and a cation of low 
membrane penneabllity if the $ul)stance to be er^ 
trapped is an anion or can be converted to an 
anion; or a cation with high membrane permeability 

so and an anion of low memt>rane permeability rf the 
substance to be entrapped is a cation or can be 
converted to a cation. This produces a dispersion 
of liposomes in the aqueous medium which ihdude 
the respective anion and cation in the interior 

65 space of the liposomes. Then, the concentration of 
tfte anion arxf cation In tfte aqueous medium is 
bwered. and the substance to be loaded into the 
internal aqueous space of the liposomes is added 
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to the external phase of the liposome dispersion. In 
summary, the method comprises forming lipo- 
somes having a higher concentration of the salt of 
an anion with high membrane permeability and a 
cation of low memt>rane permeability if the sub- 
stance to be ehtra|]f^ is eh ahibh, or the salt of a 
cation with high membrane permeability and an 
anion of low membrane penmealMlity if the sut>: 
stance to be entrapped is a cation in the internal 
aqueous space and in the external aqueous phase 
off the liposomes; and adding the anionic or cationic 
substance to the liposome dispersion to load the 
substance into the Internal aqueous space of the 
liposomes. 

In situations in which the sut)stance to be erv 
trapped Is a cafion, the cation which is present in 
the internal aqueous phase In high concentration 
preferably contsnns one or more mtrogen atoms, 
and most preferably is a primary, secoridary or 
tertiary amine. Specifically, the cation which effects 
the loading of the cationk: su Instance is a 
methylamine finctudlng methylamine, 
dimethylamine and trimethylamine). an ethylamine 
(including ethylamine, diethylamine and 
triethylamine), a propylamine, ethylenediamlne or 
ethanolamine. In this aspect of the loading, the 
anion is preferat)ly electrically charged throughout 
the range of 3 through 1 1 pH un'rts; preferably is a 
compound which includes sulfate, sulfonate, phos- 
phate, phosphonate and/or cart>oxylate moieties. 
Specifically, the anion Is a mono-, di-. tri-, or poly- 
cartx>xylate: gluceptate, gluconate. lactolM'onate, 
maleate, succinate, glutarate. tartrate, citrate or car- 
bopot; or the anion may be a phosphate, sulfate, 
mesylate, estylat^ such as dextran sulfate or 
heparin sulfate. 

In instances In wtiich the substance to be load- 
ed is an anion or can be converted to an anion, the 
anion which is present in the internal aqueous 
space in a higher concentration than that in the 
external aqueous phase is a halide, cartxmata or 
organic acid anion and most preferably a chloride, 
tvomide, fluoride, cartxmate. acetate, fonmate or 
propionate, the corresponding cation is an alkali 
metal, alkaline earth, or quaternary ammonium 
compound. Most preferably, the cation in this in- 
stance is sodium, potassium, magnesium, caldum 
or choline; or is a cation which Is electrically 
charged throughout the range of 2 to 12 pH units. 

For the loading of either a cationic or anionic 
substance, an add or t»slc substance can be 
added to the liposome dispersion during the load- 
ing step in amounts which are sufficient to maintain 
the pH of the continuous aqueous phase at a value 
equal to that of the Internal aqueous space, if 
desired. 

PermeakHrrty or leakage can be measured by 
separating the vesicles from any material whksh 



has leaked out. using methods such as gel perme- 
ation chromatography, dialysis, ultrafiltratran or the 
like, and assaying in known manner for any leaked 
material. Permeabilities ranging from about one to 

5 about ten percent of the original entrapped material 
over a period of at>but 24 hours or longer, and 
preferably less than atx>ut one percent of the origi- 
nal entrapped material, are acceptable. 

The following information exemplifies the pro- 

10 cess of the the invention. 

Example 1- 

This example details the entrapment of 
?5 daunorubidn in distearoyl phosphatkJyk:holine-cho- 
lesterd vesicles using ethylenediamlne dtrate 

A dry powder containing a homogenous disper- 
skm of cholesterol and distearoylphosphatidyh 

20 choline at a 1 :2 molar ratio was prepared by evap- 
oration from a 1:1 cMorofbrm/methanol solution.' 
This dispersion was hydrated with an aqueous so- 
lutk>n containing 125 mM lactose and a 25 mM salt 
of ethylenediamlne citrate (75 mM ethylenediamlne 

25 and 50 mM dtrate). The lipki concentration in the 
resulting suspension was about 20 to 25 mg/ml. 
This mixture was then heated to BS-C. Next, while 
maintaining that temperature, the mixture was ho- 
mogenized using a sonicator to produce a suspen- 

30 skm of small unilamellar vesicles. The vesides thus 
obtained had diameters prindpally In the range of 
about 40 to 80 nm with little or no particles in 
excess of 100 nm. 

Folkjwing homogenization, the mixture under- 

3S went a buffer exdiange to remove the external, 
unentrapped, ethylenediamlne citrate. This was ac- 
complished by subjecting the mixture to tangential 
flow uttrafiltration. This process removes water and 
small molecular weight solutes while retaining lipid 

40 vesicles and their contents. Using this process, the 
lactose/ethytenediamine dtrate buffer external to 
the vesicles was replaced with 250 mM lactose/50 
mM glydne. The veside preparation was heated to 
ebout 65 *C and an amount of daunorut>idn (t>ase 

45 or suitable salt form) was added to yield a lipkJ to 
dmg ratio in the range of atxxit 16:1 to 19:1 or 
more (wAnr). but preferably 17.4:1. If daunorubidn 
had been added in its hydrochloride salt form and 
maintenance of the pH of the continuous phase at 

so tfie original value is desired, it woukj t>e necessary 
to add sufficient base (such as NaOH, NaHCOa or 
NazCOs) to maintain the pH at the above stated 
value, approximately 6.2. The dmg-veslcle mixture 
was maintained at 65* C for about 10 minutes. 

65 During this phase of the procedure, daunorubidn 
passes through tfie membrane bilayer of ttie lipo- 
some to form a salt and/or to complex with en- 
trapped dtrate. At the same time, ethylenediamine 
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dissipates to the vesicles' exterior aqueous space. 
Typically, if an appropriate lipid:drug ratio has been 
selected (approximately at least 16:1. mol/^ol), 
greater than about 90% of the added daunorublcin 
will become vesicle entrapped as daunorubidn- 
dtrata. If necessary, uneritrapped. residual 
daunomblcln can tie removed by methods inctuch 
ing ion-exchange, ultrafiltration, gel permeation 
chromatography or other suitable means used to 
separate small molecular weight sut)atances or 
charged species from compounds with larger mo- 
lecular weights. Following drug entrapment, the pH 
of the external phase may be adjusted as required 
to produce or maintain optimal chemical statMlity 
and/or to minimize vesicle aggregation. The forma- 
tion of a pH gradient between the internal aqueous 
space and the external continuous phase is not 
necessary, however, in order to bring about drug 
loadirtg. 

The daunonjbicirhvesicle suspension was ster- 
ilized by passage through a 0.22 um diameter pore 
filter. The finished vesicle suspension was then 
ready for use. 

As a further example, the prooedure of Exan>- 
ple 1 may be repeated except that the 
ethylenediamine citrate is replaced with 75 mM 
ethylenediamine tartrate. A lipid vesicle suspension 
containing entrapped daunorubidn-tartrate is ob- 
tained. 

Furtfter, the procedure of Example 1 was re- 
peated except that following the buffer exchange 
procedure and drug addition, the chelat- 
ing/ct)elatable complex caldum cart)onate (CaCOa) 
was added to the production mixture. Ca^ can be 
chelated by citrate or tartrate; while CO; has a h^ 
affinity for ethylenediamine. A lipid vesicle suspen- 
sion containing entrapped daunorubidn-citrBte (or 
daunorubicin-tartrate as appRcable) was thus ob- 
tained. 

Example 2 

TTiis example describes the entrapment of dox- 
orubidn into distearoyl: phosphatidyl- 
cholinercholesterol vesides u^g ethylamine lac^ 
tobionate. ^ 

A dry powder containing a homogenous disper- 
sion of cholesterol in distearoyhphosphatidylcholine 
at a 1-.2 molar ratio was prepared. This dispersion 
was hydrated with an aqueous solution containing 
50 mM sucrose, 150 mM ethylamine lactobionate, 
and aboiA 20-30 mM ethylamine. added to adjust 
pH to 6.2. The lipid concentration In the resulting 
suspension was about 20 to 25 mg/ml. This mixture 
was heated to 65-C and homogenized as de- 
scribed in Example 1 and cooled to room tempera- 
ture. 



Next, unentrapped ethylamine lactobionate was 
removed by buffer exchange as described in Ex- 
ample 1 and replaced with 300 mM sucrose.. The 
veside preparation was heated to 65*C and an 

s amount of doxombidn was added to yield a lipid to 
drug ratio of 25:1 {wAv)."alth6ugh a ra^ about 
20:1 to 30:1 or more (w/w) is acceptable. Since 
doxorubtdn was added in its hydrochloride salt 
form it was necessary to add sufficient Na2003 to 

10 maintain a constant pH, approximately 6.2. The 
drug-vesicle mixture was maintained at 65' C for 
about 10 minutes. The remainder of the processing 
steps were similar to those descrit)ed in Example 
1. A suspension of unilamellar vesides having di- 

IS ameters of less ttian 100 nm containing entrapped 
doxorubidn-lactobionate was thus obtained. 

Example 3 

20 As another example of the invention, chloram- 
budl is encapsulated into distearoyhphosphatidyh 
choline:cholesterol vesides using N-methyl- 
glucamine hydrochloride. 

A dry powder containing a homogenous disper- 

25 sion of cholesterol in distearoyl phosphatidylcholine 
at a 1:2 molar ratio is prepared. This powder is 
hydrated with an aqueous solution containing 150 
mM N-methyl-glucamine hydrochloride. The lipid 
concentration in the resulting suspension is atx)ut 

30 20 to 25 mg/iml. This mixture is then heated to 
65 'C. Next, while maintaining that temperature, the 
mixture is vigorously homogenized using a sonica- 
tor to produce a suspension of small unilamellar 
veades. The vesides so obtained have diameters 

35 prindpally in the range of about 40 to 80 nm with 
little to no material in excess of 100 nm. 

Following homogenization, the mixture under- 
goes a tniffer exchange by tangential flow ultrafil- 
tration to remove the external, unentrapped. N* 

40 methyl-glucamine hydrochloride. With this process, 
the N-methyhglucamlne hydrochloride buffer exter- 
nal to ttie vesides is replaced wHh a tow ionic 
strength solution such as 250 mM lactose/50 mM 
glydne or 300 mM sucrose. The vesicle prepara- 

45 tion is again heated to about 65*C and an amount 
of chlorambudl is added to yield a lipid to drug 
ratio in the range of about 16:1 to 19:1 or more 
(w/w), but preferably 17.4:1. If chlorambudl is ad- 
ded in tfie free acid form it may be necessary to 

50 add suffident base such as NaOH, NaHCOa or 
NasCOa to maintain the pH of the external phase at 
the value of that of the internal aqueous space. The 
drug^estcle mixture should be maintained at 65*C 
for about 10 minutes to fadntate loading. During 

ss this phase of the procedure, chtoramtxjdl will pass 
through the memt)rane bilayer to fonn a salt or 
complex with entrapped N-melhyl-glucamine while 
the more volatile hydrochloride dissipates to the 
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vesicles' exterior aqueous space. If a sufficient 
lipid:drug ratio lias been selected (approximately at 
least 16:1 or above), greater than akxxit 90% of tfie 
added chlorambudi will become vesicle entrapped. 
Unentrapped, residual, chlorambucil can be re- s 
moved by ion^change. ul liafi l ti i ttfo nrgelTaieri^ 
ation chromatography or other suitable means used 
to separate small molecular weight or charges 
solutes from substances with larger molecular 
weights. f=6llowing drug entrapment, pH may be to 
adjusted to below 6.0 or above 7.5 as needed to 
maintain optimal chemical stability or to minimize 
vesicle aggregation 

The chlorambudhvesicle suspension can then 
be sterilized by passage thmugh 0.45 um or. pref- is 
erably, 0.22 um diameter pore filters. The finished 
vesicle suspension is then ready for use or may be 
stored for four or more weeks at 4* to 22*C. 
frozen or lyophilized. A lipid vesicle suspension 
containing entrapped chlorambua'KNHfnethyK 20 
glucamine) is thus obtained. 

Example 4 

Further, DMA is encapsulated into di&- ss 
tearoylphosphatidylcholinexholesterol vesicles us^ 
Ing calcium chloride. 

A dry powder contalnirig a honK)genous disper- 
sion of cholesterol in distearoyi phosphatidylchofine 
at a lu! mole ratio is prepared. This dispersion Is so 
hydrated with an aqueous solution containing 100 
mM calcium chloride at a pH in ttie range of about 
5 to 9. The lipid concentration In the resulting 
suspension Is dixnA 20 to 25 mg/ml. This mixture 
is then heated to 65*C and homogenized as de- ss 
scribed atxyve In Example 1. Following homogeni* 
zation, tfm mixture undergoes a buffer exchange 
and unentrapped calcium chloride is replaced with 
a low ionic strength medium such as 300 mM 
lactose. 40 

Next, the vesicle preparation is heated again to 
at)out 05*C and an amount of DNA is added (as 
the sodium salt) to yield a lifMd to DNA ratio In the 
range of atxnit 50:1 to 100:1 or more (w/W), but 
preferably 65:1. If DNA Is added In the free add 4s 
form it may be necessary to add sufficient base 
such as NaOH, NaHC03 or NzbCOj to maintain iso 
pH with ttw internal phase. Ttie drug-veside mix- 
ture should be maintained at elevated temperature 
(about 65*C) for atxMJt 10 minutes or more. During so 
this phase of the procedure. DNA will pass through 
the membrane bilayer to form a salt or complex 
with the entrapped calcium while the chloride (Ct~) 
dissipates to ttie vesicies' exterior aqueous space. 
If a suffident lipidrdrug ratio fias been selected 55 
(approximately greater than 50:1X greater than 
about 00% of the added DNA will become vesicle 
entrapped. Unentrapped. residual, DNA can be re- 



moved by ion-exchange, ultrafiltration, gel perme- 
ation chromatography or other suitable means. Fok 
lowing drug entrapment. pH may be adjusted as 
needed to maintain optimal chemical stability or to 
minimize vesicle aggregation. 

The DNA^^'de^^s|:»§n§ion clri ^t^iequently 
be sterilized by passage through 0.45 um or, pref- 
erably, 0.22 um diameter pore filters. Altematively. 
magnesium or manganese chloride can be used in 
place of calcium chloride. 

Example 5 

This example details the entrapment of dox- 
orubicin into dis- 
tBaroylphosph3tidylchoGne:cholesterol vesicles us- 
ing a metal-ion citrate complex, and a membrane 
ionophore to transfer ions across the membrane 
tMlayer. 

A dry powder containing a homogeneous dis- 
persion of cholesterol in DSPC at a 1:2 molar ratio 
was prepared. This dispersion was hydrated with 
an aqueous 50 mM solution of a metal ion com- 
plaxed with citrate (i.e. K+, Mg« Cu+^ Al*» Fe+3) 
at a pH of about 6.5. The lipid concentration in the 
resulting suspension was about 25 mg/ml. This 
mixture was heated to 65*C and homogenized as 
described above and cooled to room temperature. 

Next, unentrapped metal-dtrate complex was 
removed by buffer exchange using suitable means 
such as described in Example I (above) and sut>* 
stituting 300 mM sucrose. The veade preparation 
was heated again to at)out 65 *C and an amount of 
doxombidn was added to yield a lipid to drug ratio 
of 25:1. If doxombidn was added in its hydrochlo- 
ride salt fonm, it may be necessary to add a 
suffident amount of base such as NaHCOs, or 
NaaCOs to maintain a constant pH, approximately 
6.5. Altematively, it may be possible to add the 
drug in its cartwnate salt form. The drug-vesicle 
mixhjre should be maintained at 65 *C for about 10 
minutes. In order to fadlHale the transportation of 
the metal ions across tf)e yeside memt)rane. a 
suitatde ion shuttie may be added in sntall amounts 
(5-10 ug/ml) to the sample. Examples of ion shut- 
ties indude but are not limited to acetylacetone. 
hexafluoroacetylacetone, or a-aminopent-3-ef>-2- 
one. These shutties can be removed from the 
membrane bilayer at a later time by lyophilization 
or by heating, in general, any ^-dlketone or fi- 
ketoamine could be used as an ion shuttie. The 
exchange of the metal ions with tiie doxorubidn 
then takes place. The ratio of nnetal ion to dox- 
ombidn exchanged was variable depending on the 
charge of the metal ton. To help prevent ttie metal 
ions from reentering the vesides. small quantities 
(1 mM) of metal chelating agents such as EDTA or 
a cation exchange resin may be introduced to the 
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sample. Tho remainder of Itie processing steps are 
similar to those described in Example I. A lipld- 
vesicle suspension containing liposome entrapped 
doxorubidn-citrate vifas ttius obtained. 

From the foregoing description the essential 
characteristics of the invention can be readily as- 
certained and, without departing from the s^rlt and 
scope thereof, the invention can be adapted to 
various usages. Changes in form and the sutistitu- 
tion of equivalents are contemplated as circum- 
stances may suggest or render expedient, in the 
context of the following claims. 

Claims 

1. Unilamellar liposomes having a diameter of 
from 30 to 150 nm comprising a liposomal 
membrane including distearoylphosphatidyl- 
choline (OSPC) and cholesterol, in a 
DSPCxholesterol molar ratio of about 2:1, the 
liposomes encapsulating an antineoplastic se- 
lected from the group consisting of vincristine 
and vinblastine and an anion of low Gposomal 
membrane permeability Including a cartxsx- 
ylate moiety; and 0ie liposomes being ot>tain- 
able by a method comprising fomiing the lipo- 
son^ in an aqueous medium Including a met- 
al free cation of high liposomal membrane 
permeability containing cait»n and nitrogen 
and the anion of low liposomal membrane per- 
meability to produce liposomes which include 
a portion of the medium containing the cation 
and anion in the Interior aqueous space and 
which are dispersed in the aqueous medium 
which is external to the liposomes, lowering 
the concentration of ttie cation and anion in tfie 
external aqueous medium, and adding the arv 
tineoplastic to tfie dispersion of liposomes. 

2. The liposomes of daim 1, in which the anion Is 
a monocartK>xylate. 

a The liposomes of daim 1. in which the anion is 
a dicartxixylate. 

4. The liposomes of daim 1, in which the anion is 
a tricartxixylate. 

& The liposomes of daim 1. in which the anion is 
a polycartx)xylate. 

6. Tt)e liposomes of daim 1, in which the anion is 
selected from the group consisting of glucep- 
tate. fumarate, gluconate, iactobionate, mah 
eate. sucdnate, glutarate, tartrate, citrate and 
cart>opol. 



7. The liposomes of claim 6, in which the anion is 
Iactobionate. 

a The liposomes of any of claims 1 to 7, In 
s which the liposomal membrane further includes 

distearoylphosphatidylglycerol (OSPG). 

9. TTie liposomes of any of claims 1 to 8. In 
which the diameter is from about 45 to about 
10 60 nm. 

ia The liposomes of any of claims 1 to 9, obtain- 
atHe by a method comprising forming the lipo- 
somes in an aqueous medium including a ca- 
rs tion selected from protonated forms of 
methylamine, an ethylamine, a propylamine, 
ettiylenediamine or ethaivolamlne to produce 
liposomes which Include a portion of the me- 
dium containing the cation and anion In the 
20 interior aqueous space and which are dis- 

persed in the aqueous medium which is exter- 
nal to tfie liposomes, lowering tfie concentra- 
tion of the cation and anion in the external 
aqueous medium, and adding the anti- 
25 neoplastic to the dispersion of liposomes. 

11. Unilamellar liposomes having a diameter of 
from 30 to 150 nm comprising a Dposomal 
membrane including distearoylphosphatidyl- 
30 choline (OSPC) and cholesterol In a 
DSPC:cholesterol molar ratio of atx)ut 2:1, the 
lip>osomes encapsulating an anion of low 
liposomal membrane permeability induding a 
cart)oxylate moiety, and an antineoplastic se- 
as lected from the group consisting of vincristine 
and vinblastine. 

1Z The liposomes of claim 11, in which tfm anion 
is a monocartM>xylate. 

40 

13. The liposomes of daim 11, in which the anion 
is a dicartwxylato. 

14w The liposomes of daim 11, in which tfie anion 
45 is a tricartxxxylate. 

1& The liposomes of daim 11. In which the anion 
is a polycarboxylate. 

50 16. The liposomes of daim 11, In which the anion 
is selected from tfie group consisting of 
gluceptate, fumarate. gluconate, Iactobionate. 
maleate, sucdnate, glutarate, tartrate, dtrate 
and cartwpol. 

65 

17. The liposomes of daim 16, In which tfie anion 
is Iactobionate. 
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1& The liposomes of any of claims 11 to 17, in 
wl)tcfi the liposomal membrane further includes 
distearoylphosphatidylglycerol <DSPG). 

19. The liposomes of any of clainrts 11 to 18, in 
which the diameter is from about 45 to about 
80 nm. 

2a The liposomes of any of claims 1 to 19. for 
use as medicaments. 

21. The liposomes of any of claims 1 to 20, for 
use as vehicles to target the delivery of the 
antineoplastic &i vivo specifically to tumor 
cells. 

22l Use, in the preparation of pharmaceutical com- 
positions for targeting the delivery of an an- 
tineoplastic selected from vincristine and vin- 
blastine in vivo spedfically to tumor cells, of 
unilamellar liposomes having a diameter of 
from 30 to 150 nm comprising a liposomal 
membrane including distearoytphosphatidyl- 
choline (DSPC) and cholesterol in a 
DSPC:cholesterol molar ratio of at)out 2:1 and 
encapsulating the antineoplastic and an anion 
of low liposomal membrane penneatMlity in- 
cluding a carboxylate moiety. 

23. Use, for encapsulating an antineoplastic se- 
lected from vincristine and vinblastine to be 
targeted specifically to tumor cells in vivo, of 
unilamellar liposomes having a diameter of 
from 30 to 150 nm comprising a liposomal 
membrane including DSPC and cfiolesterol in 
a DSPC:cholesterol molar ratio of about 2:1 
and encapsulating also an anion of low 
liposomal membrane permeability including a 
cart>oxylate moiety. 

24^ The use of claim 22 or 23, in which the anion 
is a monocartxixylate. 

25. The use of daim 22 or 23. in which the anion 
is a dicarboxylate. 

26. The use of claim 22 or 23, in which the anion 
is a tricarboxylate. 

27. The use of daim 22 or 23, in which the anion 
is a polycart»xylate. 

2a The use of daim 22 or 23, in which tt)e anion 
is selected from ttie group consisting of 
gluceptate, fumarate, gluconate, lactobionate, 
maleate, suodnate, glutarate, tartrate, dtrate 
and carbopd. 
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29. The use of claim 28, in which ttie anion is 
lactobionate. 

30. The use of any of claims 22 to 29, in which the 
liposomal membrane further includes dis- 
tearoylphosphatidylglycerd (DSPG). 

31. The use of any of claims 22 to 30, in which the 
diameter is from about 45 to about 60 nm. 
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